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(54) Impedance faedback monitor for alactroaurgieal inatrument 

< &7 )^ ^ »»V«dam»inoniforing device is provided tor 
mcriaonng the electrical impedance of tissue as it a 
treated wMh elect rosurgical energy. Baaed on a predicted 
model of tissue impedance and a number of initial inv 
readinos..tha marfanf^ at which tissue treat- 



/♦ a mn- 

wnum Hnpedanca level is measured and a function of the 
minimum impedance is used lo determine vnpedance at 



vided lor bringing the output of the generator within 
optimom range based on a system load curve. In one 
sm bbd ima nt the impedance monitoring davca is used 
in conjunction with a bipolar etectrosurgical vtstrument. 
Preferably, the instrument comprises e lectr i cal ly oppo- 
site slectrocto located on one or mm 
surfaces tor engaging tissue to be treated 
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Description 

EtoM of ttte Invention 

This invention relates to electrosurgical tissue treat- 
ment, and in particular, to a method and apparatus tor 
controlling the electrosurgical treatment of tissue by 
measuring impedance of the tissue being treated by an 
electrosurgical device 

t 

Background of the Invention 

Electrosurgical generators are used to deliver ther- 
apeutic electrical energy to surgical instrumerts. These 
instruments are used for example, for cutting, coagula- 
tion, tissue welding, ablation, and dissection. Both mo- 
nopolar and twpoiar generators typicaOy supply eiectro- 
surgcal energy « the radio frequency (RF) range to such 
instruments Usually such generators include controls 
that regulate the voltage anoVor current so that a select 
power level is approximately delivered and a maximum 
power level is not exceeded. 

When such RF generators are used, the pnmary 
control * the experience of the surgeon who responds 
to what is observed to be happening to the tissue as it is 
treated with the RF energy. Often, particularly for endo- 
scopic proceoures, surgeons cannot readxy see what ts 
happening to the tissue. Also, the cha ng e in tissue prop* 
erties due to the RF energy may occur so quickly eo as 
not to afford time for the surgeon to react soon enough 
to turn off el ec t rical energy to the instrument As a result, 
some problems which may occur include tissue charring, 
sticking of tissue to the elect ro des of me surgical instru- 
ment end over or under treatment of tissue. 

It has been recognized that the tissue impedance 
changes as RF energy is applied to the tissue Attempts 
have been made to control the power delivered to the 
tissue as the tissue imp eda nce changes. For example, 
current has been controlled based on the change in the 



10 



is 



20 



2S 



Summery of the Invention 

The present vtvenuon provides an vnpedance mon- 
itoring device anoVor method which monitors the knped- 
ance of tissue between poles of a therapeutic electrosur- 
gical instrument Based on a model of expected tissue 
impedance behavior over time with the deliverance of 
electrosurgical energy, the monitored tissue; impedance 
is used to determine tissue status. This wM be described 
in more detail below. A signal Indicating status of tissue 
is provided ether to a user or to an inatrwx^oontioser. 
The device may also incfudo a switch which automati- 
cally turns oft the electrical energy when treatment is 



In accordance with the present invention, a tissue 
monitor is provided which continuously 
measures tissue impedance as e l e ctrica l energy is de- 
livered to tissue. According to known tissue imped ance 
models, tissue snped an ce ir*iaty chops as otoctrKalen- 
ergy is applied and then begins to rise again as coagu- 
lation occurs. The present invention provides lor estab- 
lishing a value for the minimum impedance, te . when 
the impedance is at iu lowest value as 9^ energy is ap- 
plied. The*, the rnpedanee vakie anticipated to provide 
the deatrecl tissue effect is determined by calculating a 
selected function of the established minimum imped- 
ance. When the measured irnp adant a rises to the level 
of the impedance value for the desired result. e.g., co- 
agulation, tissue w e ld i ng or a level of diathermy, the in- 
strument w» indicate or. provide a response for such 
event. The present invention is preferably adapted so 
that the condition is detected for a range of expected tis- 
sue impedances which varies according to tissue type. 



J* In a preferred embodiment 

lion b where coagulation is completed. When this point 



trot unit or to the user, at which time the energy supply 
is switched off. The feedback signal may. for example. 



voftage or the power delivered by the generator to tissue. *Q provide a visual, audible or tactile septal to a user. anoVor 



The differential quotient of tissue impedance as RF pow- 
er is applied to the tissue has been used to determine 
an initial power level and to switch off RF power when 
the differential quotient of impedance reaches a preset 
value. *s 

Notwflhatandtng these control arrangements, there 
is a continuing need tor improvement in the control of 
electrosurgical energy delrverance to the tissue anchor 
determination of when tissue treatment has reached an 
optimal level. so 

In particular there is a need to provide a device and 
method for determining the end pom* of coagulation for 
a variety or a range of tissue irripedance. due to. e.g.. 
verymg tissue compo s ition, tissue types and treated tis- 
sue areas anchor volumes. ss 

The present invention relates to a device and meth 
odof the type described in EP-A-O 640 317. 



may provide instructions to a control unktoautomaticeJy 



turn oil energy supplied to the 

Optionally, the device may also vtctude a switch, 
adapted to turn off electrical energy when a short circuit 
condition is detected, when an open circuit condrtion is 
detected or when the device is on. i.e.. supplying current 
or voftage for a preset maxxnum amount of time. 

In accordance wth one aspect of ths present rrven- 
tson. an eiectrosurgicaJ apparatus for coagulating tissue 
during a surgical pro ce dure co mpri se s en end effector 
with opposing interf a cing surfaces which may be closed 
towards each other to engage tissue to be electro* urgi- 
caJy treated Preferably me end effector includes first 
and second e lem en ts movable relative to one another 
for engaging tissue to be coagulated therebetween. At 




wan at least one of the 
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with the tissue to be coagulated A power controller re- 
sponse to a powef control signal provides RF energy 
to the tissue contacting electrodes) of the first andYor 

second elements. 

Impedance measuring circuitry is coupled to the RF 
generator output and measures the impedance of the tis- 
sue between electrodes corresponding to the lirst and 
second poles. Feedback circuitry is coupled to the im- 
pedance measuring circuitry. The feedback circuitry in- 
cludes a first device tor delermriing a minimum imped- 
ence value end holding said minimum impedance value. 
A second device provides a threshold determining circuit 
coupled to the first device. The threshold determining cir- 
cuit determines a threshold impedance value as a func- 
tion of the held minimum impedance value. 

the threshold determining circuit may comprise an 
analog device for determining the function of minimum 
• impedance or a digital circuit including for example, a 
look up table tor determining the threshold impedance 
value based on an input minimum impedance vakje. 

After a threshold value has been determined, a first 
comparator compares the measured impedance value 
to mreshold impedance value and generates a power 
control signal to the power controller to control the RF 
energy deSvered to the tissue .upon the condition of. the 
measured snpedance value exceeding the threshold im- 
pedance value. 

A power controller may include at least one electrical 
switch for selectively supplying RF energy to the instru- 
ment to coagulate tissue positioned between the first and 

second elements. 

The power controller may selectively switch off the 
power supplied to the tissue under a number of condi- 
tions. The controller may be used to switch off power 
when the measured impedance value exceeds the 
threshold impedance value, when an open circuit condt- 
ton or a short circuit condition exists, or if voltage and 
current is supplied for a period of time exceeding a max- 
irnum 

Another aspect of the present invention provides a 
control device for bringing the energy output of the gen- 
erator within an optimal range determried by a system 
load curve. The control device uses measured toad im- 
pedance to determine the desired energy level output 
and compares the desired energy output to me actual 
energy delivered to a target including tissue. The control 
device takes the resufflng comparison and controls the 
generator output accordingly. 

Although the instrument may be a monopolar device 
or a multipolar device deluding two or more than two 
poles, the end effector preferably includes two electrical- 
ly opposite electrooes conesponomg to two 



on the distal end of the elect rosurgtcai device so that 
when the first and second elements close together to en- 
gage tissue, opposde electrodes are located between a 
portion of the engaged tissue. The impedance monitor- 

5 ing circuit monitors me impedance of the tissue between 
the electrodes during the defivery of RF energy through 
that tissue. As described above a minimum impedance 
is measured from which threshold impedance » calcu- 
lated. A comparator compares the measured rnpedance 

to values to the determined threshold impedance vaJue and 
generates a control signal to switch oil the RF power de- 
livered to the tissue, upon the cor**tion of measured im- 
pedance value exceeding the threshold impe da n c e vai- 



1 5 In one preferred embodxnent each of the electrodes 
corresponds^ to the first pole are offset wxh respect to 
the interfacing surtaca from each of the electrodes cor- 
responding to the second pole. In other words, the elec- 
trodes are offset from each omer so that they are not 
20 dametncaJfy o pcr***** from each other on interfacing 
surfaces or they are separated and insulated from each 
other on the same surface 

In the preferred ernbbtfment the electrosurgical in- 
strument compresses tissue in a compression zone be- 
2S tweeri the first iriterfacir^ 

tactftg surface and applies electrical energy through the 
compression zone. More preferably, the compression 
zone is an area defined by a compression ridge c*> one 
of me ruen^g stirtaces wrsch compresses thi tissue 
so against the other tnterf adng surface Attematfvely or in 
addraon. there may be a compression ridge on bom in- 
terfacing surfaces. 

One i embodiment includes a cutting element asso- 
ciated with an end effector. The cutting element is ar- 
js ranged to cut tissue at or near me coagUation site. Pref- 
erabV/the coagulation is cornpleted prior to any me- 
chanical or other cutting at or around me coagulation 
site. Once tissue is coagulated or cauterized; the cutting 
element may be used to cut through the coagulated tis- 
40 sue or between two zones of tissue coagulation 

to another embodiment the hemostatic device is in- 
ccrporated into a linear cutter eimiftar to a linear cutting 
mechanical stapler. In this err*H>c%nent the riernostatic 
device comprises two substernal/ paralWanrfe^ 
is ed electrode bars which are associated wtaonepote. 
and a slot tor cutting means to travel between the bars. 
Opttonaty one or more rows of stac^ may rjrovide on 
each side of the slot and bars to provide additional he- 



50 



In the preferred bipolar device, electrically opposite 
electrodes of each of the poles are located on one or 
bom of the oppossig surfaces. Each of the first and sec- 
ond etoctneafty opposite poles comprises at toast one tis- 



S3 



In operation, tissue is clamped between two jawaof 
tne instnjment, end electrical energy in the form of radto 
f reouency CRF # ) anergy is suppled to me compressed 
tissue to coagulate or cauterize blood vessels along the 
two substantially pareJel bars. Based on the irnpedance 
modeling of the device with this spedAe electrode con- 
figuratxjn, an appropriate function of the minimum in- 
pe de nce is incorporated mto the 

circuit to deu 
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(•vol A warning mechanism is used to warn the user 
when the impedance is out of range or exceeds the 
threshold impedance level. Also the warning signal may 
be directed to a control circuit or power controller adapt- 
ed to then provide an appropriate nstrument response, 
including where appropriate to turn oft the RF energy de- 
livered to the tissue. 

In accordance with another aspect of the present in- 
vention a method of operating apparatus for electrosur- 
gcaily treating tissue during surgical procedure is pro- 
vided. Accordingly, e preferred method comprises the 
steps or applying RF energy to tissue to be etedrosur- 
gieatiy treated by means of an electrosurgical instru- 
mont; measuring the impedance of the tissue between 
electrodes corraspcnding to two poles of the ete ct ro s ur- 
gical instrument: generating the impedance signal rep- 
resentative of the impedance of the tissue: and control- 
ling the RF energy applied to the electrosurgical instru- 
ment in response to the impedance signal 

The step of controlling the RF energy applied to the 
electrosurgical instrument may comprise the steps of: 
determining and holding minimum vnpedance value: de- 
tsrmtnrig a threshold impedance value based on a func- 
tion of the mffumum impedance value: comparing meas- 
ured irnpedance values to the threshold vnpedance val- 
ue; and generating a control signal to control or switch 
off the power of the controller upon the condition of 
measured irnpedance value exceeding me threshold im- 
pedance value. 

In accordance with yet another aspect of the present 
invention, a method of operating an electrosurgical ap- 
paratus tor co ag ul at ing tissue during surgical procedure 
composes the steps of. providing an electrosurgical in- 
strument having en end effector comprising the first and 
second tissue engaging surfaces, at leeet one of said first 



Brief Description of the Drawings 



a tissue 
of an electrosurgical system 



and at least one of 



first 



a second tissue contacting electrode associated with a 
second pole of trie system; engaging tissue to be coag- 
ulated between the first and second tissue engaging sur- 
faces: selectively controlling RF energy suppled to the 
first and second tissue contacting electrodes for coagu- 
lating tissue positioned therebetween: measuring the im- 
pedance of the treated tissue: detemiining and holding 
a rrwwnum irnpedance value: detem i in i ng a threshold 
impedance value based on a function of the mrwnum 
impedance value: companng measured irnpedance val- 
ues to the threshold irnped a n c e value: and controlling or 
switching off ths RF energy connected to the first end 
second electrodes upon the condition of the measured 
irnpedance value exceeding the threshold impedance 
varus. 

Other objects and aoVantages of the invention writ 
apparent trm the foflc%togoeac the accompany- 
ing drawings and the foeowmg claims ■ 
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Fig. f is a side view of a bipolar endoscopic 
surgical instrument operable in accordance with the 
present invention; 

Fig. 2 is a partial cross-sectional view of the distal 
end of the instrument of Fig. 1 in an open position: 



Fig. 3 is a partial cross -sectional View of the distal 
end of the instrument in Fig. 1 in a dosed, 
position: 



Fig. 4 is a partial cross eectionai view of the dtetaJ 
end of the instrument in a dosed, fired position: 



Fig. 5 is e Iront cross sectional view of the distal end 
of the instrument of Fig. t along the arte 5-5: 



Figs. 6-9 represent a schematic block diagram of a 
microprocessor co nt r ol led impedance monitoring 
apparatus tor controlling the RF energy delivered by 
elect rosurgcal instrument of Figure 1 1. ' 



Fig. 10 is a schematic btocK cSagram r'-of an analog 



embodiment of the co ntr olle r tor use in the appara- 
tus of Figure V. 



Fig. it Is a logic diagram of to control of Fig. 10 
frustrating contrd fejpe tor RF output control; and 



Fig. 12 is a characteristic curve illustrating the 
change m snpedance over time during application 
of electrosurgical energy to tissue using the electro- 
js surgical instrument Mustrated in Figure 1. 

Pete lied Oee yrffittnif nf TtiT tPYJBSfgQ 

While the present invention is generally appscabte 
40 to a variety of elect r o s urg ica l instruments both monopo- 
tar and multipolar, and both conventional and endoscop- 
ic. it wiU be described herein with reference to a bipolar 
linear cutting instrument. 

The primary purpose of they impedance monitoring 
45 device is to oetermirie when the tissue has been treated 
toadesiredo^ee.Prelerab^ 

ad when the tissue has been cauterized and before ex- 
cessive tissue sucking, burning or charring occurs. The 
irnpedance of tissue as it is being heated with electro- 

so surgical energy generally follows a crianicteristfc tissue 
vrpedance curve. According to the irnpedance curve, 
generaty the impedance wilt decrease, arrive at a mmt~ 
mum value, and then rise as caagd)e*ton end tissue des- 
iccation occurs. At an i m pe da n ce or within a range of 

55 snpedances on a characteristic curve, coagulation wW 
predictably occur. 

Figure 12 is a characteristic im pe da n ce curve iUus- 

Uatinq tH« c nen o» w» tieeue imped a nce oVrttme. 



» * J 
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me application of electrosurgcal energy using the elec- 
trosurgical instrument illustrated in Figs. 1-5. The 
present invention determines a threshold impedance on 
the curve at which coagulation has occurred. Z^,, 46. 
This rnpedance is based on the value of the lowest irrv 
pedance on the curve. 2^45. i.e.. when the impedance 
has stopped tatting and begins to rise. A function erf the 
minimum impedance IfZ^) b used to approxxnatery 
predict a point at which coagulation occurs. 46 
Referring now to Fig. 10 there is illustrated a sche- 
.. matic block diagram of an analog embodiment of the im- 
pedance mentoring device of the present invention. The 
impedance monitoring device determines when coagu- 
lation is complete as wsK as other instrument parame- 
ters, tor example. H there is an open circuit, short circuit 
or if voltage and current a supplied to the tissue for more 
than a predeterrruned maximum amount of time. Such 
conditions may indicate a problem with the instrument 
and/or tissue engaged by the instrument. For example, 
if excessive, not enough, or inappropriate tissue is en- 
gaged by the instrument. 

The instrument 10 is positioned to engage tissue to 
be treated. Then, when appropriately positioned. RF en- 
ergy is supplied to the tissue. 

A generator 70 supplies RF energy to the tissue en- 
gaged by the end effector 1 5 of the instrument 10, Pref - 
erabty, 30 to 200 vofte RMS at a fundamental frequency, 
preferably of a sinusoidal waveform eta frequency erf 
about 300 Khz to 3 Mhz is supplied with a current of about 
0 1 to 4.0 amps. The generator 70 is turned on by a user 
operated switch 42. The user, operated switch 42 pro- 
vides a signal to the controller 79 to turn on the energy. 
The output 129 of the controller is coupled to an analog 
switch 130. When output 129 provides an *RFon* signal 
to the switch. 1 30. an osctsator 7Z coupled to an analog 
multiplier 75 through the switch 130. supplies a voftage 

.... of a known frequency to the analog multipeer 75.. The 
output of the analog multiplier 75 is coupled to a driver 
76 which ts coupled to the input of an RF amptsler 71. 
■ , An amplified RF signal is supplied by the generator 70 

/ to a circuit 80 which includes the first electrode 39 and 
second electrode (anvil 1 8) of the instrument 10. and 
the tissue 43 to be treated by the instrument 10. 

The current and voltage delivered to the tissue is 
measured and an RMS current <"t RMS *) end an RMS vol I- 
. age ("Vrms*) is determined. 

A voltage and current sensor 61 senses the current 
and voftage delivered to the tissue. The voftage and cur- 
rent sensor 61 includes a low im pedan ce current trans- 
former 62 in series with the generator 70; and a high* 
impedance voltage transformer 83 connected in parattet 
across the generator 70. Preferably the current trans- 
former 82 has. for example, a 1:20 winding ratio and a 
SO ohm resistor in parallel with the secondary of the 
transformer. Preferably the voftage transformer 83 has. 
tor example, a 20:1 winding ratio and a IK ohm resistor 
in parallel with the secondary of the transformer. 

The output of the current transformer 82 is couoted 



to an RMS convener 84. The RMS convener 64 converts 
the sensed current to a DC signal to provide output 66. 
representative of Irms- T** output of the voftage trans- 
former 83 is coupled to an RMS converter 85. The RMS 

5 convener 85 converts the voltage signal into an DC sig- 
nal and provide output 87, representative of V ftM3 

The measured impedance. 2, is then calculated 
from the measured l KMS and V^. The outputs 67. 85 
of V RMS and Irms are supplied to an analog divider 88 

io which divides the by the current 1^^ to provide 
an output signal 89 representative of the measured Im- 
pedance, 2. 

From the In**. Vrms And measured impedance, Z, 
the impedance morutoring device determines whether a 

i£ short circuit or open circt^corxStkx^ exists, wt^emer volt* 
age and current has been delivered lor an amount of time 
exceeding a predetermoed maximum, and whether co- 
agulation is complete. 

A short circuit condrtion is determined by companng 

zo the measured xnpe da nce. Z. to a predetermined short 
circuit impedance threshold at or below which short cir- 
cuit is ttkely to exist (*2sc")- H the measured Z is at or 
below the Z^, a short circuit signal is provided to the 
controller, 

2S the impedance signal 69 Is input to a short circus 
detector 90 comprised of a com parato r; The positive in- 
put 92 of the comparator is connected to a potentiometer 
93 which sets the threshold impedance, Z^c When the 
impedance signal 89 causes the input at the negative 

so tnput 94 of the comparator 91 to be lower than that at tie 
positive input 92. an •on* condition occurs at the output 
95 of fne comparator 91. This condition w comm u n i cated 
to a logic controller 79 which provides a pre p rog r am me d 
instrument response, which, in this embodiment, in- 

3S eludes turning off RF energy. 

An open eveut condition exists if there is a voftage 
between the electrodes 18. 39. and no current An open 
circuit is de t ermined as follows: If the V nu3 is above a 
.. predetermined mi ni mu m threshold indicating a voftage, 

40 v «wwn* and the Irms is below a predetermined minimum 
current threshold indicating a current then an 

open circuit eigne! is provided to a controller. 

A current threshold detector 1 06 includes a potenti- 
ometer 107 coupled to the negative input 108. The po- 

*s tentiometer 107 sets the 1,^ level so that when a cur- 
rent is present, the current detector 106 win indicate as 
such. The I r^ signal 86 is connected to the positive in- 
put 109 of the comparator 106. Thus, when the Irms * 
greater than the value, I*,,**' set by the potentiometer 

so 107. a positive voftage appears at the output 110 of the 
current threshold detector 106. 

Skrotany a voftage threshold detector 113 includes 
a potentiometer 114 connected tothe negative input 115. 
The potentiometer 114 sets tie voftage threshold et 
55 *h>ch the ihreshoXJ detector 113 registers a positive out- 
put, when a minimum voftage is present. The 
Vrms signal is input to the positive input 116 of tie 

113 THu*. It 1H* V. 



• ... 
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V*f»«h S0t b Y lh « potentiometer 114. a positive voltage 
will appear at the output 1 17 of the vosage threshold de- 
tector 113. 

The output 1 1 7 ol the voltage threshold detector 1 1 3 
is also coupled to an AND gate 111 and the output 110 
of the current threshold detector 1 06 is coupled to an in- 
varied input 112 of the AND gale ill: The AND gate ill 
acts as an open circuit detector. When the exceeds 
the V AfM and where the does not exceed 
a togtc 1 will appear at the output 120 of the AND gate 
111 indicating an open circuit. The output 120 of the AND 
gate ill is coupled to the controller 79 to communicate 
tne open circuit statue. 

II current or voltage b suppled an extended period 
of time and a coagulation complete condition has not 
been detected, it may indicate, for example, that the in- 
strument is not clamped on tissue or that a malfunction 
has occurred, tf the V RMS is above the predetermined 
Vsvmit or the ts above l ftfMh , then a timer is turned 
on. I! the timer is on for a period of time greater tian a 
predetermined maximum amount erf time. T mmM . then a 
ttne over signal is provided to the controller. If the dura- 
tion of the txneron is not greater than T^ then the de- 
vice continues to supply RF current to the tissue and con- 
tinues to measure current, voltage and impedance, etc. 



The output 1 1 0 of the current threshold detector 1 06 
is coupled to an OR gate 1 18 which is coupled to a timer 
121 tf the Irmj exceeds the 1*,^,. the output 110 of the 
current threshold detector 106 will present a tope 1 to 
the OR gate 118 which will then turn on the timer 121. 

Similarly the output 1 1 7 of the voltage ihresholdde- 
lector 113 is coupled to the OR gate 118. If the V 0ml( is 
exceeded by V^, the OR gate 11 6 writ present a logic 
1 at its output 1 1 9 and turn on the timer 121. The output 
1 23 of the timer 1 21 is coupled to the controller 79. When 
the timer 121 has been activated for an amount of time 
that exceeds a preset threshold time. T^. the output 
123 wil be a logic 1. The timer is reset wta the user ac- 
tivated switch 42 which is coupled to the timer reset input 
122. when the instrument 10 is reset 

A coagulation complete condition is determined as 
fosows: First. 2^ is determined. Then, a target xnped- 
ance at which coagulation ts complete. Z,*^*. s calcu- 
lated as a function of the mvumum impedance The initial 
impedance, Z^. Z tar ^ #t . slope of the impedance curve, 
and time to complete may vary for a given application 
anchor instrument, but tend to correlate to a function of 
minimum impedance. Oepending on the instrument used 
andtor the. actual desired result, the actual function of 
mxMmum impedance may vary. In this particular embod- 
iment HZ^ys) is linear: t(Z^ m ) = 0.22 + 500 This function 
is bound, i.e.. where ts > 560 ohms, then 2,^., ts 

Zyrri* > SO ohms. tfZ > may be a deferent function. It 

may be contnuous. non -continuous, kneer. non-Nnear. a 
piecewbe approximation and/or in the form of a look-up 
tabl * item*) may also be bound at different values. 

The impedance signal 89 ts used to dttoimine bs&uo 
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coagulation as follows: First, a determination is made 
whether the measured 2 is a minimum impedance. Z mtn . 
Tne impedance signal 89 is inverted and offset by a gain 
offset inverter 96. The output of the gain offset inverter 
96 is in turn is coupled to a peak detector 97. The output 
T02 of the gam offset inverter is representative of an in- 
verted and offset measured 2. i.e.. (-2+k). 2^ will now 
be the highest offset value of (-2 + k) encountered. 

The peak detector 97 thus detects and holds the 
highest value of the inverted and offset measured imped- 
ance, 2. which is 2,^. When 2^ has occurred, the out- 
put 103 of the peak detector 97 is representative of (-2^ 

♦ k) RF energy is continued to be applied to the tissue 
and the monitoring for shod circuit, open circuit and time 
over as well as looking for a 2^ continues until a 2 is 
equal to 2^,. 

When the has been determmed, function of the 
Zm*. < f (Z»*%» » calculated to provide a impedance, 2^,. 
9,,. at which treatment (coagulation) b completed The 
output 103 of ihe peak detector 97 is coupled to a thresh- 
old determining circuit 98 which calculates the function 
of Z^ to deteonine the Am^t The output 99 of the 
threshold determining circuit b representative of 
when the measured impedance is equal to Z,^ 

A continuous comparison b made between 2 and f 
(Zm„) ft should be noted here that ftZ^Jb continuously 
caJcutated as f(Z) untl a Z^ is ejected The ccmpari- 
son is continuously made between Z and f(Z) until 7 mkl 
b determined. Thb does not have a significant conse- 
quence, however, because it b anticipated that f(Z) wil 
be larger than Z during tissue treatment and a premature 
coagulation complete signal therefore wJI net occur. 

tf measured Z b less than or equal to the then 
RF energy b continued to be suppsed and steps de* 
scribed abc^ are canied out un^^ 
vided to the controfter feat there b an open circuit eignaJ, 
short crcurt signal, a time over signal, or a coagulate 
complete signal tf the measured Z b greater than or b 
equal to •Z ter9€t * a signal b provided to the controller 
thai coagulation has been completed. Again it b noted 
that In this embodiment Z has been inverted and shifted 
in order toa cco mmu da te extermination via the peak 
detector 97. The vnpedence values referred to in this 
paragraph are the actual impedance values 

The output 99. Z,^^ of the threshold deterrnining 
circuit 98 b coupled to the positive input 101 of a com- 
parator OP amp 1 00. The output 102 of the gain offset 
inverter 96 b coupled to the negative input 104 of the 
comparator tOO. The comparator 1 00 compares me -2 

♦ k representative value which b input to the negative 
nput 104 of the comparator 100. to the Z^, represent - 
ative value which b calculated as a function of -2,** + k 
rf -Z + kie tees then or equal to the 2,^^ the compaxatcx 
output 105 will be positive. That b. rf the measured 2 b 
greater than 1(2^), a coagulation complete signal will 
appear at the output 105 of the comparator 100. 

A s^nal ts provided to a cortrofler tor each condition 
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the existence of one or more of these conditions the RF 
energy is automatically turned oft by the controller. Fig. 
11 illustrates the system logic of the controller 79 The 
controller 79 includes a short creurt input 1 24, a coagu- 
lation complete input 125. an open circuit input 126 and 
a tvne out input 127. as weM as a reset input 129. The 
controftsf 79 also includes a RF control output 129 which 
switches on and/or off the RF generator delivery of etec- 
trosurgcal energy to the tissue. As long as the output 
129 is a logic 1. the RF is on. The output 129 is a logic 
1 when coagulate complete 125. time out 127. short cir- 
cuit 124. the open crcm 126 and the reset input 128. 
are all at a logic "0". If any one or more of the Inputs 124. 
1 25. 1 26. 1 27. 1 29 are at a togx T the RF control output 
129 is a logic *0* and the RF is turned off 

A preferred embodiment provides a control device 
which controls the generator energy output based on 
load impedance. The load vnpedance is used to deter- 
mine a preferred energy level, e.g.. voltage, current or 
power level, based on a specific system load curve for a 
generator, instrument and/or application. The control de- 
vice then compares the actual energy level for the meas- 
ured impedance with the desired energy level and ad- 
justs the generator output acco rd ing to the difference be- 
tween the two. i.e.. preferably to minimize the difference ; 
between the two. 

The specific toad curve preferably .reflects the volt- 
age, current, power, for.a range of impedance that will 
optimize performance of the instrument. The load curve 
may have various forms, for example, it may be contin- 
uous or may be stepped. The load curve may vary from 
generator to generator, lor a particular instrument in use 
with the generator, or for a particular electrosurgical ap- 
plication of the generator. For example, in a one embod- 
iment using an instrument, such as descnbed herein, 
three impedance ranges have been identified at which 
different energy requirements exist: Initially tissue im- 
pedance is in a lower range, e.g.. approxxnatety 20 to 
100 ohms. In the lower ranges, more current is required 
to provide enough power to initiate tissue coagulation. A 
second, mid-range of. impedances, e.g.* approximately 
100 to 500 ohms, requires enough p ower to maintain tie 
coagulation process. A third range of higher vnpedances 
typically occurring towards completion of coa gul a t ion, 
e.g.. approximately 500 ohms and above, requires the 
voltage be {wTv^mdiopfm^mri%patkMy^w^Hs^timtkMing. 
Thus the system load curve in this embo di ment would 
reflect both the inherent characteristics of the generator 
and voltage output at which opttmum p owe r o delivered 
for a particular vnpedance. as watt as the specific power 
requirements for a predetermined instrument and appli- 
cation. 

Referring to Pig. 10, a generator with a servo loop 
control device, is illustrated. The impedance signal 89 
and the voltage Vrms signal 67 are fad back to the gen- 
erator 70 through a control device which comprises a 
function fitting device 61 and an error amplifier 62. The 
control device causes the oenerstor 70 to oroducQ von- 



ages within a desired range based on a load impedance 
fit to a specific load curve 

The impedance 69 is fed to a function fitting device 
61 . The output 64 of the function ftrmg device 61 repre- 

s sents a desved voltage based on the input impedance 
69. This desired voltage function is the voltage required 
for the generator 70 to produce e particular, ore-deter- 
mined load curve. Desired voltage output 64 along with 
actual votege is fed into en error amplifier 62. The output 

to 65 of the error amplifier 62 represents an error voltage 
which is fed into an analog multiplier 75 through a diode 
77 

Altar naivety, current, power or another energy pa- 
rameter may be used to control the output of the energy 

is source or generator 70. A signal corresponding to im- 
pedance of the target is mput into the function fitting do 
vce which provides a desired current, power or other en- 
ergy parameter output, which is then compared to the 
measured or calculated current power or other energy 

20 parameter. . - 

The diode 77 ensures first quadrant operation of the 
analog multiplier 75. The analog multiplier 75 functions 
as an amplitude modulator of oscUtator 72 such that large 
... error voltages at output 65 resist in targe outputs from : 

25 RF amplifier 71. And smal error voltages of output 65 
result in smaller RF output from RF amplifier 71. Thus, 
generator 70 acts as a closed-loop servo system based 

. . ., on voltage such that a desired toad curve is obtained. 
The toop compensation device 63 acts to stabilize the 

so servo loop, if an electrical parameter other than votage 
is used, the form fitting function preferably outputs a sig- 
nal reflecting the difference *i the alternative energy pa- 
remoter. 

Referring now to Figure* 6-9 a flow chart ill ustrates 

3$ a method for carrying out a microprocessor controlled 
embodiment of the present invention When the system 
is turned on (block 200). the variables including 2^. 
^Vlii 'eijuh tima ove*. «nd 2%*^ are initialized (block 
201). The system continues to look for the activation of 

40 the RFswfcch (block 202). When the RF switch is turned 
on, the interrupts are set for RF Switch (block 203). lor 
Short Circuit (block 204). and Open Circuit (block 205) 
so that when one of these interrupt conditions occur, the 
microprocessor automatically gpee to the instructions 

4S associated with block 234. 

After the interrupts are set. the timer is started (block 
206). A sequence is run to check the RF amplifier health 
(block 207). e.g.. to look lor an Amplifier On signal or to 
check If certain votages are in a suitable range. If the 

so ampHrier is operating properly. RF energy is turned on 
(blocks 208 and 209). 

If the amplifier is not operating correctly, an RF Off 
request is made (blocks 209 and 210) and a Hardware 
Fadure Alert flag is set (block 211). The system looks for 

$$ a hardware failure flag (block 233). When the hardware 
fadure is detected, the controller provides a hardware 
failure alert indication and shuts off. (blocks 243 and 

2441 
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II hardware failure ts noi vrtcated (block 233), men 

and 1^ ts read (Mock 235) to detemune rt any volt- 
age or current is being supplied by the system (block 
236). When the system ts first initialized. untHths instruc- 
tion to turn on energy m block 209 » reached, there 
should be no current or voltage If there is a voltage or 
current with the RF request off. then there is a hardware 
failure. A hardware fdiure alert is indicated and the pro- 
gram rs stopped ( blocks 243 and 244) 

If RF energy Is turned on (block 209), then the V WI 
and j ^ are read and the impedance. Z. is calculated by 
dividing the by the 1^. (block 21 2). The controller 
checks to see if the V tP%sW# and flags are sat 

(block 21 3). These flags are set when a mm mum thresh- 
old voltage b present and a minimum threshold current 
is delivered through the electrodes of the device, (blocks 
214. 215. 216. and 217): 

If the V mMA and 1^ Rags are set (213) the eoti- 
*ware looks tor a Ume over condition to determine if the 
device has been on for a penod of time in excess of a 
maximum. If a time over condition ts recognized, the irrv 
•r tog is set RF energy is turned oft (blocks 218 and 
219) and a hardware failure check is run (block 233). 

After looking for a time over condition, the controller 
checks* for a short circuit or open circuit condition II a 
short or open circuit exists, the corresponding short cir- 
cuit or open circuit bit is set (block 220). RF energy is 
turned off (block 221). and a hardware taflure check is 
run (block 233). 

. The controller checks again for V^ and 1 ,n 
block 222. before proceecfing to the threshold detormin- 
ing portion of the c^f ithist^tod n Fig. 8 It the voltage 
or current dkl not exceed V tlfMh or l mr ,. h in blocks 214 
and 216. the controder Aerates the sequence begi nn in g 
at block 212 for detecting time oyer, short circuit, open 
circuit i.e.. the coagulation complete 



This enables the device to wait until enough current arid 
vottage is dekvered to the circuit to check for the coagu- 
lation complete condition 

<■. tithe v yn ^ ) | g and l #fMbte flags are set. the short circuit 
and open circuit bits are not set (block 220). and the time 
over condition does not yet exist (block 21 9), the meas- 
ured impedance used to detemtine if coagulation is com- 
plete as follows. 

The Z initial flag is set during the first iteration and 
is in&taDy assigned the measured impadanca value 
(blocks 223-225). Inftialy. 2^ is the same as the meas- 
ured mpadanc* and thus block 227 tt bypass^ al block 
226. A calculation is made of tp^) (block 226) As long 
as the measured impedance Is less than ttta 1(2^). the 
sequence is iterated (229. 231) In the next iteration ot 
blocks 223-231 . the newly measured wnpodance is com- 
pared to the previous measured impadance which has 
been assigned 7 nCx (block 226). As long as the imped- 
ance ts decroewg, will be reassigned the new val- 
ue of the measured impedance (blocks 226 and 227) and 
the steps repeated: When the measured impedance is 

to t<Z_w). i a tt>* iKracMU 



anco. the coagulation complete flag is set (block 230) tf 
coagulation complete flag is set the RF is turned off 
(block 232) and the hardware failure check rs run. 

tf after the initial run through the program a hardware 

s failure alert occurs (block 233. 236) or an interrupt oc- 
curs, the program determines the cause and indicates 
as such (blocks 233-242). The V^, and 1^ are read, 
(block 235) It no ojrrent or vottage b being delivered to 
the system, the controller checks to see I the open er- 

io curt, short circuit or time over flags have been set (block 
237). If so then a signal indicates which flags have been 
set. and the program ie returned to start (blocks 240. 
242). Similarly, the controier checks for the coagulation 
complete flag (block 239). tf there was the coagutation 
complete flag has been set It win be indicated for ten 
seconds (block 241 y if not. a writ be indicated as not com- 
pteie (btock 240) and the program win return to point at 
the start (block 242). Preferably the electrical compo- 
nents selected to cany out the steps of Figs 6-9 are 

*° adapted to provide e complete iteration of al the steps 
at least even/ 1/50 second. 

B eto m rto now to Figs. 1 -5 there is iilust/aiad an «v 
stjument to be used In conjunction with the impedance 
feedback device of the present invention. An endoscopic 

2$ linear cutting and stapling instrument 10 is shown having 
a housing 16 coupled to a shaft 30 with a lumen extend- 
ing therethrough and an end effector 15 extending from 
the distal end of the shaft 30; The end effector 15 com- 



prises i 

30 tnterlacng jaw members 32. 34: Jaw member 32 rs rnov- 
abry secured to Jaw member 34. The housing 16 has a 
damping triggeri 2 for closing jaw members 32. 34. Jaw 
mem b ers 32. 34 are shown In an unctamped position in 
Fig. 2. in e clamped position poor to instrument firing in 
Fig. 3. end in a cl amp ed position after instrument firing 
in Fig 4 

■' Jaw member 32 comprises an anvil 18. U-shaped 
electrode 39 extending along the length of the jaw 32. 
and a U-shaped insulating material 31 surrounding ths 
*o outsxto of the electrode 39. Jaw me m ber 32 has an inner 
. surface 33 which faces en inner surface 35 of jaw mem- 
ber 34. The U-shaped electrode 39 comprises two elec- 
trically communicating electrode bars 27. 28 forming a 
first pole and located on and extending substantially 
45 along tha length of the inner surface 33. The U-ehapad 
ele c t ro de 39 is comprised of a conductor, such as. alu- 
minum or surgical grade stainless sleet The bars 27. 28 
are separated by a knife channel 29 extending tongrtu- 
dinaDy through the midole of the electrode 39. Pockets 
ss 36 located oh anvi 18 for rece i vi n g staple ends aire td- 
cated along the mnar surface 33. lateral to and outside 
ot bars 27. 28. The electrode bars 27. 28 and insutatong 
material 31 form a ridge 56 extending out relative to an 
anvil portion 37 of the inner surface 33 (Fig. S\ The alec- 
is uoda 39 acts as a first pole of a bipolar system. The envtl 
18 is formed of an etecthcaty conductive material and 

pole of the bipolar system. elscthcaJfy 

to to 
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latad from the electrode* by the U-shaped insulating ma- 
terial 31 . 

Btpotar energy may be supplied to the end effector 
15 from etedrosurgicaJ generator 40 (fig. 10) through 
wires 1 9. 20 extending into the body 1 6 of the instrument 
The generator 40 is user controead by way of switch 42 
(% 10). Wire 19 provides electrical current to the elec- 
trode 39 through electrical contact means extending 
through shaft 30. Wire 20 carries a current to the anvil 
18 and is coupled to the anvil 18 through an electrical 
contact means extencfcng through the shaft 30 Ths elec- 
trical circus is closed when and only when the clamping 
trigger 12 is c losed. A means of connecting the wire to 
the corresponding ele ctr ode as wett as instrument actu- 
ation means are d es c ri be d in parent application S.N. 
08A095.797, incorporated herein by reference. 

Jaw member 34 composes a cartridge channel 22 



ement 11 as the cutting element 11 cuts the tissue. 

The invention described and the specific detads and 
the manner in which it may be carried out having been 
exemplified it wis be readily apparent to those staled In 
the art that innumerable variatons. medications, and 

be made 



invention. The vnpedance . feedback system 



to 



izatton has occ u rred, 
signal may be 



provided by a 



to a user, or a 

Oth- 



er 
For 



is 



maybe 

in 



provided. to a 



to the mea sur ed im- 
user to auds>V monitor 



The cartridge 23 Includes a track 25 lor wedge 1 3. a h/ufe 
channel 26 extenoV^kyio^UidineJty through the center ** 
of the cartridge 23. a senes of drivers 24 extending into 
the track 25 arid staples 1 7 arranged in two sets of par- 
allel double rows. When tissue is engaged between 
clamped jaw members 32. 34, a firing trigger 1 4 located 
on housing 16 may be actuated to advance a cutting el- & 
ement 11 through the engaged tissue to cut the trssue 
Simunaneousfy, when the firing trigger 14 is actuated; . 
the wedge 1 3 is advanced through the track 25 causing - < 
the drivers to 24 to displace tow ards the staples 17. 
thereby driving the staples 1 7 through tissue and into an- 
vil pockets 36. 

tncperation.the 
located at a tissue site where tissue is to be treated. The 
jaw me mb er s 32. 34 are opened and tissue is ten 
placed between the interfacing inner surfaces 35. 33 re~ 



including monopolar, bipolar and muMpotar 
• tionSj The vnpedance feedback systemmiw 
in part or in whole with the actual 
arete unit and/or with the energy source 



be included 



30 



1, A control device comprising: 

impedance measurement circuitry adapted to 
be couc4e<J to tissue-ccvrtactin 
ated with a txwue-tfeaung portkxv of a surgical 



to said 



to locate and compr ess 



34 

oeiweerv ine vnenacwig 



curtry is 
to 



measure the impedance of tissue engaged 



1 2 also closes the electrical circuit When the tissue has 40 



appropriately sAue te d b e twe en the jaw members 
32. 34, a user may apply RF energy from the generator 
40 usmg a user activated switch 42. Current flows 
through the compressed tissue be t ween the electrode 
39. i.e.. the bars 27. 28. and the anvfl 18. 

After the RF energy is turned off, the controller indi- 
cates the instrument status, eg., open circuit, short cir- 
cus, co agulation c omp let e, time over. If the coagu la tion 
comptots status w indicatsd. the firing trigger 1 4 may be 

cutting element 11 through knse 



45 



to determine a minimum Impedance 

to determine a target Impedance 
function of said minimum 

to comps 
said target impedance value; and 

to after said energy control signal 



value: 



measured ■n p e daric e values to 



2. The control 



said target 



of datrn 1. wherein said vnped- 



27. 28 where the tissue has been cauterized, 
ousry. the firing trigger 14 
through track 25 to advance 
through tissue end into pockets 
the cut line is tateraf to the 
the bar electrodes 27. 28 and 



13 

24 to Bra staples 17 
36 of the anvil 18. Thus, 
snes formed by 
17 are applied into 
side of ftte cutUno 



a first 



tor determining the rfwumum 



first device tor 
value as a rune- 




* v 



t 

» . ■ 
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3. 



ance vatuas to said target impedance value and for 
generating a signal indicating whether said meas- 
ured impedance value exceeds satd target imped- 
ance value' 

A control device adapted to be coupled to an energy 
source for providing efeclrosurgical energy to tissue 
to be treated, the control device comprising,; 

a first input for receiving at toast one of a first 
signal representative of vboaggr delivered from said 
energy source to said tissue and a second signal 
representative of current delivered from said energy 
source to said tissue: 

a second input for receiving a third signal rep- 
resentative of a target impedance for said tissue on 
the energy source, determined from the first and 
second signals: and 

a function fitting device for providing a fourth 
signal representative of desired energy output 
according to e system load curve, me fourth signal 
correspond*^ to desired energy output for the tar- 
get toad impedance represented by the third signal: 

wherein said control device is adapted to: 

control energy output by me energy source 
based on the third signal representative of the load 
impedance: and 

control the energy source to bring electrosur- 
gicaJ energy delivered by the energy source to the 
large! witWn a rang* of dsstrod •rwgy output based 
on said system load curve 



4. The control device of c^^ 

parison device for comparing said fourth signal, rep- 

to at least one 



to e. 



fS 



20 



trodes adapted to contact tissue to be treated and 
to cause electrosurgrcal energy to be conducted 
between said electrodes through said tissue: and 

a control device according to any one of claims 
i to 5. 

wheren the control device is adapted to con- 
trol the output of said electrosurgical energy 
between said electrodes. 

An electrosurgical device tor treating tissue during 
an electrosurgical procedure, the electrosurgicaJ 
device compnsvtg: 

. elect ricaty isolated first and second elec- 
trodes adapted to contract tissue to be treated and 
to cause electrosurgical energy to be conducted 
between said electrodes through said tissue; 

an electrosurgical energy source for providng 
said electrosurgicaJ energy to said electrodes: and 

a cont/ol device eccordin^ 
1 10 5. 



output from said electrosurgical energy 



** 9. 



of said first and second signets, said comparison js 
device being adapted to provide a control signaller 
energy source: 



Bi 'The control device of claim < wherein said control, 
v signal represents a difference between said fourth *o 
signal and said at learnt one ©< said first and second 
signals. 

6. A generator for providing electrosurgical energy to 
an electrosurgical device said generator ccmprts- «* 
ing: 

an electrosurgical energy source tor providing 
etoctrosurgicaf energy to said electrosurgical 
device: and 

a control device according to any one of claims so 
itoS. 

wherein the control device s arranged to con- 
trol the output of said energy source. 

■» 

7. . An electrosurgical device tor treating tissue during ss 
a surgical procedure, the electrosurgical device 



first 



tret the 
source to said 



The electrosurgical device of claim 7 or 8, where** 
first electrode is located on one of a first and a 
dement and wherein said first and second 
elements are movable relative to each other for 
engaging tissue therebetween. 



to. The electfostffgicaJ device of claim 9. whereri said 

first and second elements. \ 

11. The electrosurgjcaJ device of daim 9. where*: 

said first and second elements each com- 
prises an mteriecmg surface for engaging tissue to 
be eftectiosurgicalty treated 

said first and second electrodes each com- 
prises one or rrttre electrode elements located on 
said interfacing surfaces: and 

said first and second electrode elements are 
offset from one another with respect to said interfac- 
ing surfaces. 
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